Visual marking is a mechanism by which new visual stimuli can gain a selection advantage by the topdown attentional inhibition of stimuli already in the field. Previous work (Olivers, Watson, & Humphreys, 1999) has shown that, for moving stimuli, there must be a unique feature difference between the old items and the new items for marking to occur. The present study shows that this constraint is not necessary if the local spatial relationships between the old moving items remain constant. It is proposed that, with a fixed configuration, the old moving items can be grouped to form a single object. An inhibitory template set up to represent the object then coordinates the application of inhibition to the individual stimuli. Implications for the theory and ecological flexibility of visual marking are discussed.
We are constantly confronted with vast amounts of visual information of which only some is relevant to our current or future goals. Due to capacity limitations, we are only able to process and address actions to a limited number of items at any one time (e.g., Allport, 1987; Duncan, 1980; Treisman, 1993) . Such capacity limitations are clearly demonstrated by studies on the phenomenon of change blindness. These show that the visual system is quite poor at detecting even large changes that occur across sequentially presented complex visual scenes (e.g., Simons, 1996; Simons & Levin, 1997) or real-world interactions (Simons & Levin, 1998) . Given this limitation in processing capacity, there is a need to be able to selectively prioritize information that is relevant to our current goals and filter out as much irrelevant (distracting) information as possible. Clearly, being able to selectively process information in different spatial locations perhaps by the operation of a spotlight (Posner, 1980) or zoom lens (Eriksen & St. James, 1986) of attention is an important function. However, in addition, the visual world is rarely static and often changes rapidly over time in real-world situations. For instance, moving objects may appear and disappear due to occlusion and/or observer motion. As argued elsewhere (e.g., Watson & Humphreys, 1997) , the detection and selective processing of new visual events may provide valuable survival advantages for an organism especially in relation to: (1) the detection of predators and prey and (2) the construction of an up-to-date internal representation of the environment, essential for efficient behavior.
Visual Marking
Numerous studies have shown that the visual system is capable of assigning priority to new events. The proposed mechanisms used to achieve this range from the automatic capture of attention by the appearance of new objects (e.g., Yantis & Hillstrom, 1994; Yantis & Johnson, 1990; Yantis & Jonides, 1984 ; but see also Folk, Remington, & Wright, 1994) to the passive inhibition of recently attended locations or objects (e.g., inhibition of return; Maylor, 1985; Posner & Cohen, 1984; Tipper, Driver, & Weaver, 1991) . Watson and Humphreys (1997) proposed that an efficient way to prioritize new information might be to actively inhibit irrelevant information that was already in the visual field, a process they called visual marking (see also Olivers, Watson, & Humphreys, 1999; Theeuwes, Kramer, & Atchley, 1998; Watson & Humphreys, 1998 , 2000 . Such inhibition or deactivation of the old information would then lead to a selection advantage for new stimuli. Evidence for visual marking was based on results from a series of experiments based on a modified color-shape conjunction search task. Typically, in a conjunction search task, subjects indicate the presence or absence of a prespecified target item, defined by a conjunction of two or more features, among a varying number of distractors. In such tasks, the search rate is often relatively slow (25-30 msec per item) and increases linearly with the number of distractors present. Also, the slope on absent trials can be twice that on present trials. Such a pattern of results is consistent with a serial and selfterminating search through the display items (e.g., Treisman & Gelade, 1980 ; but see Humphreys & Müller, 1993; Townsend, 1972) . Watson and Humphreys (1997) compared search in a conjunction task (a blue H target among blue A and green H distractors) with search in which the green H distractors were presented for 1,000 msec before the remaining items were added (the gap condition). The target, when present, always appeared with the second set of (new) items. It was reasoned that if the old items (the green distractors) could be ignored, then search in the gap condition should be more eff icient than when all items appeared simultaneously (i.e., in the conjunction baseline condition). The results showed that, in terms of search slopes, search in the gap condition was more efficient than that in the conjunction baseline. In addition, it was no less efficient than when only the blue items were presented alone (a single-feature baseline). Thus, presenting the green distractors for 1,000 msec before the blue items allowed them to be totally excluded from future search.
Further experiments showed that performing a secondary load task (digit shadowing) during the time that the f irst items were presented alone reduced the eff iciency of visual marking, with search slopes falling midway between the conjunction and single-feature baselines. From this finding it was argued that the process of ignoring the old items was top-down and resource limited (see also Watson & Humphreys, 2000 , for more direct evidence that visual marking is under top-down control and will be flexibly applied or withheld depending on the goals of the current behavior). Although being controlled in a top-down way, salient luminance changes occurring at the locations of the old objects when the second set appeared were sufficient to abolish visual marking, causing the old items to compete for selection with the new items. Watson and Humphreys proposed that visual marking is coordinated via an inhibitory template that is maintained by a behaviorally relevant goal state. The development and maintenance of goal states are resource limited and susceptible to interference from competing goal states set up to perform other tasks. Watson and Humphreys (1997) suggested that, in order to deactivate the old items, inhibition might be applied either to the locations of the old distractors or to their features (perhaps by the inhibition of a whole feature map; cf. Treisman & Sato, 1990) . To test these accounts, they presented a "subset" gap condition in which some new green distractors were presented with the new blue items. An initial set of either one, four, or seven green H distractors was presented for 1,000 msec followed by an additional seven, four, or one (respectively) green Hs along with the blue items (including the blue H target on present trials). If inhibition had been applied at the level of whole feature maps, then the new green items should have become inhibited themselves and so should not have competed for selection. Alternatively, the appearance of the new green items may have caused the feature map to become disinhibited, causing all the green distractors to compete for selection. By either account, reaction times (RTs) should not have varied as a function of the initial number of green items presented. Alternatively, a location-based inhibitory account predicted that only the new green items should compete for attention, leading to a reduction in RTs as the number of initial green Hs increased. The results showed that there was a systematic decrease in RTs as the number of initial green distractors increased, and this was consistent with inhibition being applied to the locations of the old distractors. Watson and Humphreys (1998) showed that old moving stimuli (as opposed to stationary stimuli) could also be visually marked and excluded from search. However, of particular interest to the present study, Humphreys (1997, 1998) argued that the visual marking of moving old stimuli proceeded in a different way to the marking of stationary old stimuli. They repeated the above subset experiment with moving stimuli and, in contrast with stationary stimuli, found that there was no systematic decrease in RTs as the number of initial green items increased. Rather, the additional new green items either became inhibited themselves or (if there was a sufficiently large number) caused the old green items to become disinhibitedand compete for selection.It was argued that marking of moving items proceeded by the application of inhibition applied at the level of whole feature maps. However, if a sufficiently large change occurred within the inhibited feature map, then the inhibition was removed or reset, just as a luminance change at the location of a stationary old item was sufficient to remove the inhibition at that particular location. Watson and Humphreys (1998) argued that whole-map inhibition of moving items provided an ecologically and computationally efficient way of ignoring multiple moving items. This is because all old items sharing the critical inhibited feature become inhibited regardless of their movement characteristics. Thus, the process of featuremap inhibition removes the need to track multiple moving objects and continuallyapply inhibition to their locations. The ecological cost of such a mechanism is, however, that new information that shares features with old inhibited stimuli may itself become inhibited and thus missed. Olivers et al. (1999) provided a direct test of the featuremap versus location-based account of visual marking for moving versus stationary stimuli, and they tested an alternative account that moving stimuli were marked by inhibition applied to object-based representations. They assessed visual marking in stationary and moving displays in which there was no unique feature difference between the old and new items. This was achieved using a within-dimension conjunction search in which the target and distractors contained the same features and were distinguishable only by the spatial arrangements of those features (Duncan & Humphreys, 1989; Humphreys, Quinlan, & Riddoch, 1989; Humphreys, Riddoch, & Quinlan, 1985) . Their gap condition consisted of the presentation of upright T distractors presented for 1,000 msec followed by 90º clockwise-rotated T (¢ ) distractors and an inverted T ( > ) target (on present trials). In order to assess the efficiency of marking, the gap condition was compared with a heterogeneous baseline in which all the items were presented simultaneously and a homogeneous baseline in which only the second set of items from the gap condition was presented. Since there was no feature difference between the old and new items, then, according to Humphreys (1997, 1998) , visual marking should still have occurred with stationary stimuli (where inhibition was location based) but not with moving stimuli (since the old items did not possess a unique feature on which to base the inhibition). The results confirmed these predictions and supported location-based inhibition of stationary stimuli but whole-map-based inhibition of moving stimuli. Moreover, when a color difference was introduced between the old and new moving items (allowing map-based inhibition to occur), search in the gap condition became more efficient than in the heterogeneous baseline. These results are not consistent with an object-based account of visual marking in which each old moving item is independently tracked and inhibited.
Feature-Versus Location-Based Inhibition

Purpose of the Present Investigation
In the moving displays used previously, the stimuli were presented in an invisible window at the display center, and the items moved smoothly downward. When the new items were presented, they continued to move with the old items until a response was made. When an item reached the bottom of the window, it disappeared bit by bit and reappeared bit by bit at the top of the window at the same horizontal location. This wraparound of the display was necessary to allow the old items to be displayed alone for 1,000 msec prior to the new items in the gap condition and to allow the displays to remain on screen until subjects responded. However, one side effect of this procedure was that the local spatial relations between the display elements were being constantly disrupted as the items scrolled from the bottom of the window to the top. This had the effect of disrupting any global shape or object that might have been formed from the configuration of the old items. Thus, object-based inhibition might not have been possible because there was never a consistent object shape present when the old distractors were presented alone. The main aim of the present study was to reexamine visual marking of moving displays in which the moving old items maintained their local spatial relationships and, hence, their global shape. If visual marking of moving objects can operate by grouping the old elements into a single object and then applying inhibition to this object-based representation, then visual marking should occur even when there are no feature differences between the old and new items. In contrast, if a feature difference between the old and new items, is a necessary condition for the marking of moving items, then marking should not occur even when the local spatial relations between moving old objects remain constant.
Overview of Present Experiments
Experiment 1 essentially replicated the conditions presented in Olivers et al. (1999, Experiments 2 and 4) except that the local spatial relations between the old items remained constant. This was achieved by employing rotational motion rather than translational motion. Experiment 2 presented two directions of rotational motion in order to disrupt the local spatial relations between elements. Overall, the results showed that old moving items could be visually marked even when there was no unique feature difference between the old and new items, provided that their local spatial relations remained constant.
EXPERIMENT 1 Rotational Motion With Fixed Spatial Relations
Experiment 1 essentially replicated the moving conditions of Olivers et al. (1999) , except that rotational rather than translational motion was used, which allowed the local spatial relations between elements/global shape to remain constant.
Method
Participants. Twelve undergraduate students from the University of Warwick (1 male, 11 female) between the ages of 18 and 20 years (M 5 18.5 years) took part in the experiment. All had selfreported normal or corrected-to-normal vision and participated to gain course credits.
Stimuli and Apparatus. A 400-MHz Pentium II based PC was used to present the displays and record all RTs and subject responses. Displays were presented on a 17-in. SVGA monitor (diagonal visible of 415 mm [35.4º] ) at a resolution of 800 3 600 pixels with a refresh rate of 75 Hz. The 800 3 600 resolution greatly reduced the jaggedness of the diagonal lines formed as the stimuli rotated relative to lower display resolutions. All display presentations and stimulus motion were synchronized with the screen retrace. The computer monitor was placed at eye level and was viewed from a distance of approximately 65 cm, although no formal means were used to restrict head movements.
The target was an uppercase letter T, and the distractors were uppercase Ls. Individual stimuli measured 8 3 8 mm (0.71º 3 0.71º), were constructed from lines 1 pixel in width, and were presented in white (1.56 cd /m 2 ) 1 against the black background of the computer monitor (0.16 cd /m 2 ). The orientation of each stimulus element was randomly set to 0º, 90º, 180º, or 270º. The stimuli chosen were expected to produce relatively inefficient search, similar to that found in Olivers et al. (1999) . The search displays were produced by placing the elements on (nonvisible) concentric rings centered around a fixation dot at radial distances of 16, 32, 48, and 64 mm (1.41º, 2.82º, 4.23º, and 5.64º ). Minimum interelement spacing was 8 mm (0.71º). The stimuli rotated clockwise about a common center of rotation (the display center) at a speed of 1 angular degree per two screen retraces (equivalent to 37.5º per second; see Figure 1 ). The target was present on 50% of the trials and took the place of one of the L distractors.
Design and Procedure. As in Olivers et al. (1999) , there were three main conditions: heterogeneous baseline, homogeneous baseline, and gap. 2 A trial in the heterogeneous baseline condition consisted of a black screen (500 msec), followed by a gray (0.58 cd /m 2 ) central fixation dot (2 3 2 mm) for 1,000 msec, followed by the search display containing 4, 8, or 16 items, which immediately began to rotate clockwise about the display center. The search display remained visible until the subject responded, which initiated the next trial. The fixation dot remained visible throughout the stimulus movement. The subjects were asked to respond as quickly as possible but without sacrificing accuracy. Responses were made by pressing the keys "Z" and "M" on the computer keyboard with fingers from the left hand and the right hand, respectively. Keys were assigned so that "present" responses were made with a finger from the dominant hand. The homogeneous baseline condition was the same as the heterogeneous baseline condition except that only half the distractors were present (2, 4, or 8 items). In the gap condition, half the distractors appeared and rotated for 1,000 msec, after which the remaining distractors (including the target, when present) were added to the display. The new items continued to rotate with the old items and remained on screen until a response was made. The subjects were asked to maintain fixation on the fixation dot in the gap condition during the period when the first set of distractors was presented alone.
Data were collected in a single session lasting less than 1 h. At the start of the session, the three conditions were explained and demonstrated to the subjects. The subjects then completed one block of 120 trials for each of the three conditions. Each block contained an equal combination of each display size and target presence/ absence, presented in a random order. Block order was completely counterbalanced across subjects. Directly before each experimental block was a short practice block of 24 trials.
Results
The results were analyzed using the same procedure as in Watson and Humphreys (1997) . Search slopes were calculated as if there were 4, 8, or 16 elements in the displays of all three conditions, even though, in the homogeneous baseline condition, the true number of elements was half this value. Using this procedure, search slopes in the heterogeneous baseline conditionindicated the time required to search through all the items, whereas slopes in the homogeneous baseline condition indicated the time required to search through just the new items that were presented in the gap condition. Thus, if visual marking occurred, search slopes in the gap condition should match those in the homogeneous baseline condition,and, if it did not, they should match those of the heterogeneousbaseline (see Watson & Humphreys, 1997 , for further details). Figures 2A and 2B show the mean correct RTs as a function of display size and target presence or absence for each condition. Descriptive statistics for the search slopes and percentage errors are shown in Tables 1 and 2 . Overall, as shown, search slopes in the gap condition matched those of the homogeneous baseline condition and were more shallow than those of the heterogeneous baseline condition.
Reaction times. Following Watson and Humphreys (1997) , the mean correct RTs for the gap condition were compared statistically with those for the two baseline conditions using two separate three-way within-subjects analyses of variance (ANOVAs), with condition, display size, and target presence or absence as the main factors. For the sake of clarity, only comparisons that are of direct relevance to the present theoretical issues will be described. Also, as in previous studies, search slopes will be considered to be more diagnostic of visual marking than will absolute RTs. Overall differences in RTs between the gap conditionand the baseline conditions likely have a number of causes, including the initial distractors acting as a warning signal, possible decreased arousal during the gap interval, and a reduction in attentional re- sources as a consequence of marking the old items (see Watson & Humphreys, 1997 , for further discussion).
Gap versus homogeneous baseline. There was a significant target 3 condition interaction [F(1,11) 5 10.82, MS e 5 15,021, p < .01], showing that there was a greater overall RT difference between conditions on absent trials than on present trials. However, neither the main effect of condition [F(1,11) 5 1.11, MS e 5 51,074, p 5 .316] nor the condition 3 display size interaction (F < 1) approached significance, indicating that neither overall RTs nor search slopes differed between the gap condition and the homogeneous baseline condition.
Gap versus heterogeneous baseline. Overall RTs were faster in the gap condition than in the heterogeneous baseline condition [F(1,11) 5 18.76, MS e 5 72,713, p 5 .001], and there was a smaller difference between present and absent RTs in the gap condition than in the heterogeneous baseline condition [F(1,11) 5 6.23, MS e 5 32,925, p < .05]. However, of most interest was a significant condition 3 display size interaction [F(2,22) 5 26.18, MS e 5 12,890, p < .001], indicating that search slopes in the gap condition were shallower than those in the heterogeneous baseline condition.The three-way interaction also proved significant [F(2,22) 5 11.70, MS e 5 11,797, p < .001], there being a greater difference in search slopes between the conditions on absent trials. However, taking present trials alone, there remained a significant condition 3 display size interaction [F(2,22) 5 7.69, MS e 5 3,450, p < .01].
Errors. As shown in Table 2 , mean percentage errors were very low in all conditions (< 2%). More errors were made on present trials than on absent trials [F(1,11) 5 5.85, MS e 5 1.978, p < .05]. However, no other main effects or their interaction approached significance.
Discussion
Olivers et al. (1999) found that when there was no feature difference between old moving items and new moving items, visual marking did not occur, and search in the gap condition matched that of the heterogeneous baseline condition (i.e., search was no more efficient than when all the items appeared simultaneously). In contrast, the results of the present experiment showed that search in the gap condition was more efficient than that in the heterogeneous baseline condition and did not significantly differ from that of the homogeneous baseline condition. This demonstrates that moving stimuli can be visually marked and excluded from future search even when there is no feature difference between the old and new items. The critical difference between Experiment 1 and the moving conditions of Olivers et al. is that here the local spatial relations between the display elements remained constant, whereas in Olivers et al. they were constantly disrupted due to the displays wrapping around. Thus, a feature difference between old and new items is not a necessary condition for visual marking of moving items to occur. Instead, it appears that if the local spatial relations between elements remain constant, then visual marking can be applied successfully perhaps via inhibition applied to an object-based representation of the stimuli. What seems crucial for this to happen is that the old elements maintain their relative local spatial relations even though they might move position through common rotational motion.
EXPERIMENT 2 Rotational Motion With Nonfixed Spatial Relations (Two Directions of Motion)
Experiment 2 tested the above account by presenting displays in which there were two directions of rotation. Thus, in the gap condition, half of the initial display items rotated clockwise about the display center, and the remainder rotated counterclockwise. In this way, the local spatial relations of the elements changed over time. If a fixed configuration is crucial for visual marking to occur, then visual marking should be disrupted by this manipulation. Alternatively, it is possible that the elements from the different directions of rotation might be grouped independently into two transparent surfaces and inhibition applied to each group/surface simultaneously. With relevance to this, rotational motion created from a surface of dots can certainly be detected against a superimposed radial motion (e.g., De Bruyn & Orban, 1993), and Watson and have argued that visual attention is applied to surfaces that are composed of elements that rotate about a common center.
Method
Participants. Twelve new undergraduate students from the University of Warwick (1 male, 11 female) between the ages of 18 and 20 years (M 5 18.6 years) took part in the experiment. All had selfreported normal or corrected-to-normal vision and participated to gain course credits. Stimuli and Apparatus. The stimuli were essentially the same as those in Experiment 1, except that half the display items rotated clockwise about the display center, and the remainder rotated counterclockwise about the display center. Items falling on the same ring around fixation rotated in the same direction, and the items on concentric rings rotated in opposite directions. The direction of the items falling on the first ring was chosen randomly. Thus, items on Rings 1 and 3 rotated clockwise, and those on Rings 2 and 4 rotated counterclockwise, or vice versa (see Figure 3 ). This ensured that items did not cross directly over each other, which would have masked the stimuli and produced depth cues. As in Experiment 1, the target could fall on any of the four rings. Thus, neither direction of rotation nor distance from display center was predictive of target location.
Design and Procedure. The design and procedure were identical to those of Experiment 1.
Results
Figures 4A and 4B show the mean correct RTs as a function of display size and target presence or absence for each condition. Descriptive statistics for the search slopes and percentage errors are shown in Tables 3 and 4 . The results were analyzed using the same strategy as in Experiment 1.
Reaction times. The mean correct RTs for the gap condition were compared statistically with those for the two baseline conditions, as in Experiment 1.
Gap versus homogeneous baseline. RTs were overall faster in the homogeneous baseline condition than in the gap condition [F(1,11) 5 6.58, MS e 5 85,184, p < .05], and there was a greater difference between absent and present trial RTs in the gap condition than in the homogeneous baseline condition [F(1,11) 5 11.34, MS e 5 18,598, p < .01]. Of most interest was a significant condition 3 display size interaction [F(2,22) 5 4.70, MS e 5 12,060, p < .05], showing that RTs increased more with display size in the gap condition than in the homogeneousbaseline condition. The three-way interaction did not approach significance [F(2,22) 5 0.91, MS e 5 6,160, p 5 .415].
Gap versus heterogeneous baseline. There was a trend for RTs in the gap condition to be faster than those in the heterogeneous baseline condition [F(1,11) 5 4.52, MS e 5 104,976, p 5 .057], and there was also a greater difference between absent and present RTs in the heterogeneous baseline condition than in the gap condition as shown by a significant target 3 condition interaction [F(1,11) 5 6.62, MS e 5 14,486, p < .05]. The display size 3 condition interaction also approached significance [F(2,22) 5 3.37, MS e 5 16,948, p 5 .053]. Overall, RTs increased more with display size in the heterogeneous baseline con- 
Figure 4. Mean correct RTs for absent trials (Panel A) and present trials (Panel B) as a function of display size for the homogeneous baseline condition (Hom), the heterogeneous baseline condition (Het), and the gap condition (Gap) of Experiment 2.
dition than in the gap condition. However, the three-way interaction was also significant [F(2,22) 5 6.26, MS e 5 7,381, p < .01], indicating that the difference in search slopes between the gap condition and the heterogeneous baseline condition was greater on absent trials (63.0 msec/ item vs. 84.3 msec/item) than on present trials (21.0 msec/ item vs. 22.2 msec/item). Indeed, when present trials were analyzed alone, the condition 3 display size interaction did not approach significance [F(2,22) 5 0.13, MS e 5 5,267, p 5 .883], showing that (on present trials) there was no reliable difference between search slopes in the gap condition and the heterogeneous baseline condition.
Errors. A three-way within-subjects ANOVA revealed a significant main effect of target [F(1,11) 5 5.34, MS e 5 8.670, p < .05] and a significant main effect of condition [F(2,22) 5 14.04, MS e 5 5.103, p < .001]. There was also a significanttarget 3 condition interaction [F(2,22) 5 6.49, MS e 5 8.575, p < .01] and a significant three-way interaction [F(4,44) 5 4.11, MS e 5 6.618, p < .01]. As shown in Table 4 , mean percentage errors were very low in the two baseline conditions (< 2%) but tended to increase with display size on present trials in the gap condition.
Discussion
The aim of Experiment 2 was to determine whether it was necessary for the old items to maintain a fixed local spatial arrangement in order for visual marking to occur. The results were essentially the same as those found for the moving conditions in Olivers et al. (1999) . Search slopes in the gap condition differed significantly from those in the homogeneous baseline condition on both pres-ent and absent trials, suggesting that visual marking had been disrupted. In addition, on present trials, there was little difference between search slopes in the gap and heterogeneous baseline conditions (1.2 msec/item), and this difference did not approach significance. On absent trials, search was somewhat more efficient in the gap condition than in the heterogeneous baseline condition.However, it is difficult to draw definitive conclusions from the absent-trial data because a number of different strategies may be employed to determine that a target is absent, and participants are often more cautious to respond "absent" (see Chun & Wolfe, 1996; Humphreys & Müller, 1993; Wolfe, 1994) . In addition, here the difference is complicated by a possible speed-accuracy tradeoff. As shown in Table 4 , error rates increased more with display size on present trials in the gap condition than in the heterogeneous baseline condition.This tradeoff as display size increased would have had the effect of reducing search slopes on absent trials in the gap condition,relative to the heterogeneous baseline condition. Thus, when the old items did not maintain fixed relative positions, there was little evidence that visual marking occurred.
GENERAL DISCUSSION
Summary of Empirical Findings
This study investigated visual marking of moving items in conditions in which there was no feature difference between the old and new stimuli. The results of Experiment 1 showed that visual marking occurred when the local spatial relations between elements and their global shape remained constant. Experiment 2 showed that when the local interelement relations were disrupted (by making the old items move in two directions of rotation), there was little evidence of visual marking. Taken together, the results show that a feature difference between old and new moving items is not a necessary condition for visual marking to occur. Visual marking of moving items is possible even when there is no feature difference between the old and new items. However, in this case, the local spatial relationships between the stimuli must remain constant over time (cf. Olivers et al., 1999) .
Object-Based Inhibition
According to Humphreys (1997, 1998) , visual marking proceeds via the inhibitory template(s), which is (are) set up and maintained by a behaviorally relevant goal state. For moving stimuli, the template specifies which critical feature map should be inhibited. For stationary stimuli, they suggested that individual inhibitory templates might be set up to code each old distractor in the field. This account necessarily requires that the templates set up for a common inhibitory goal do not compete with each other. Alternatively, they suggested that a single template might be developed in which each distractor was coded as a "feature" of a single object. This template would then coordinate the application of inhibition applied to a "master map" coding the locations of items or to individual locations within a single-feature map (cf. Treisman & Gelade, 1980; Wolfe, 1994) . If, in the present displays, feature-based inhibition was not possible, then how were the old items marked? One possibility is that an inhibitory template was set up for each old distractor and that these templates coordinated the inhibition of those items in much the same way as for stationary stimuli. However, note that, in the present situation, (1) the templates must be able to track the old items and apply inhibition to them as they move and
(2) individual templates cannot be set up and maintained efficiently when there is more than one direction of rotation present in the display.
Alternatively, the old items might be grouped into a single object and a single template developed in which each old item is a "feature" of a larger object (again as might occur with stationary stimuli). Inhibition may then be coordinated by this single inhibitory template. Again, since the items were moving, the inhibitory template must be able to track the old items. In the case of a single template, this might be achieved by the application of a transform that (in this case) rotates the template (and in turn moves the inhibition) to keep it aligned with the old distractors (see Figure 5 ; see also Yantis, 1992 , for a related proposal). The data suggest that, for this process to be successful, there can only be a single object (as defined by a common direction of motion) present. When the old distractors rotated in more than one direction,visual marking did not occur (Experiment 2).
In Experiment 2, one might have expected that the visual system would group the two directions of rotation into two separate rigid objects and apply marking to each object, producing full visual marking. Alternatively, if two object templates could not be coordinated simultaneously, then just one might have been maintained. This would have resulted in half of the old distractors being inhibited. Related to this, Yantis (1992) found that keeping track of a subset of targets moving among identical distractors was more accurate if the target elements could be easily grouped into a single perceptual unit. Tracking performance was poorer when the targets were spread across two independently moving objects.
The results here were not consistent with either account outlined above. This might have occurred either if the subjects were not able to segment the two sets of rotating items into separate objects or if two or more inhibitory object templates cannot be set up and maintained simultaneously. Recently, Watson and Humphreys (1999) measured visual search performance for displays in which each item rotated about its own center. In contrast to translational motion, it was found that sets of items that rotated locally about their center in one direction could not be grouped and segmented from items that rotated in the opposite direction (but see Lee & Blake, 1999) . The authors suggested that, for the purpose of the detection and coding of unique surfaces, it would not be useful for the visual system to group multiple items that rotated about their own centers. This is because a single surface can have only one center of rotation. Thus, items that rotate with different centers of rotation must belong to different surfaces. In the displays of Experiment 2, half the items rotated clockwise and half rotated counterclockwise about a common center of rotation (the display center). Thus, there was equal evidence for a surface rotating in either direction, perhaps making it impossible for the visual system to group and code either set of items.
In support of this possibility, Qian, Andersen, and Adelson (1994) have shown that sets of randomly placed dots translating in opposite directions can be perceived as two independent transparent surfaces (see also . However, if each dot moving in one direction was paired with a corresponding dot moving in the opposite direction then the perception of two surfaces was reduced. They proposed that this occurred because the opposing motions canceled each other out when they were close and thus fell into the same receptive field of a motion sensitive subunit. Here, the individual moving stimuli in Experiment 2 were spaced relatively far apart, relative to the studies of Qian et al. However, the motion-sensitive cells that code rotation (in Area MST) typically have much larger receptive fields than those that code translation (e.g., Tanaka & Saito, 1989) , and so a similar cancellation of motion may have occurred with the displays in Experiment 2.
The extent to which multiple sets of stimuli rotating about a common center (cf. can be grouped and processed is an issue for future research. For the present purpose, it is sufficient to note that successful visual marking occurred only when the interelement spatial relations between stimuli were held constant. Pylyshyn and Storm (1988) demonstrated that subjects were able to accurately track up to five randomly moving targets against a background of identical distractors. They suggested that the visual system is able to apply a limited number (about four) of indexes (FINSTs) in parallel to items within a display. These indexes subsequently allow attention to be switched rapidly between the indexed items (see also Pylyshyn, 1989; Pylyshyn et al., 1994; . A FINST tends to remain bound to the element that it was assigned to, even if the element moves and becomes temporarily occluded (Scholl & Pylyshyn, 1999) , although maintaining this binding requires effort and periodic refreshing of the indexes . Yantis (1992) showed that tracking accuracy in a similar task was improved if the target items could be grouped to form a single convex shape or object. Yantis suggested that the tracked items were grouped to form a single virtual object to which attention was directed. This is somewhat similar to the results reported here showing that marking of featureless moving old items is possible provided that they maintain a fixed shape/ convexity. In the above studies, subjects actively attended and tracked a subset of stimuli (the targets) among identical distractors. In contrast, in the present work, it is suggested that the subjects tracked old items and inhibited them in order to provide a selection advantage for subsequent new items. Both types of tasks may use the same underlying grouping mechanism to facilitate the tracking of items. However, when items can be additionally segmented on the basis of time as well as space, applying inhibition to the grouped old items via visual marking will provide a selection advantage for subsequent stimuli. Thus, whether or not subjects will visually mark tracked items will depend on current task demands (see also Watson & Humphreys, 2000 , for evidence that visual marking can be voluntarily applied or withheld depending on the goals of the current behavior).
FINSTs and Element Tracking
The findings reported by Yantis (1992) and the present results suggest that the extent to which items can be grouped into a single object may be a crucial factor in determining the limits of processing multiple moving stimuli. Interestingly, there was no evidence of a discontinuity in the search slopes of the gap conditions, even in Experiment 2. On the basis of the tracking experiments of Pylyshyn and Storm (1988) , it might have been expected that up to about four or five items would be able to be tracked (and inhibition applied) even when the local spatial relations between the elements were not held constant. If this had happened, then at small display sizes, visual marking should have occurred (producing efficient search), whereas at larger display sizes it should not have been possible (producing inefficient search). This would have led to a dogleg function for the RT-display size slope in the gap condition of Experiment 2, which was not found. Since visual marking is a process that is also effortful and requires resources, there may not have been sufficient resources to both track (even a subset of) the moving distractors and simultaneously apply inhibition to them (see also Watson & Humphreys, 1997 , for a more detailed comparison of visual marking with the FINST hypothesis). Watson and Humphreys (1998) suggested that marking via inhibition of whole feature maps provided a computationally and ecologically efficient method of being able to ignore moving items. This is because all items that share the critical inhibited feature become inhibited regardless of their motion, thus removing the need to track (e.g., Pylyshyn & Storm, 1988) and apply inhibition to multiple moving objects that may be both effortful and resource demanding . However, such a process has the disadvantages that (1) the appearance of new items sharing the inhibited feature could be missed, (2) the old marked items could be disinhibited by a sufficiently large change in the inhibited feature map, and (3) the old (distractor) stimuli have to be distinguishable from the new (target) stimuli by the possession of a unique feature.
Ecological Importance
The present study shows that multiple old moving stimuli can also be marked even when they do not possess a unique feature, provided that the local spatial relations between elements remains constant-in other words, so long as the stimuli can be grouped to form a single rigid object. This is exactly the kind of situation one might experience when looking at a scene for the appearance of something new while also trying to ignore moving objects (e.g., a flock of birds) that are known to be irrelevant. The present findings therefore extend the known situations in which visual marking can be effective. A question for future research is the extent to which the old items must form a rigid structure. Previously, Yantis (1992) found improved tracking performance of target items among distractors, provided that they could be grouped into a single coherent object. This occurred even when the targets did not form a perfectly rigid object. In the present Experiment 1, the local spatial relations between elements remained strictly constant; in the present Experiment 2, the stimuli rotated in opposite directions and so formed an extremely nonrigid structure overall. 3 However, in reality, features of single objects or groups of independent objects may deviate from perfect rigidity (e.g., as in a flock of birds or the texture of a nonrigid surface), and so it will be valuable in future work to determine how tolerant visual marking is to such deviations.
Summary and Conclusions
This study investigated visual marking in moving displays in which there was no feature difference between the old items and the new items. Previous studies (Olivers et al., 1999; Watson & Humphreys, 1998) have shown that old moving items can be visually marked, provided that the old distractors possess a unique feature. Visual marking in those situations proceeds via the application of inhibition applied at the level of whole feature maps. If the old distractors did not possess a unique feature, then they could not be marked. However, in previous studies, the old distractors moved behind a virtual window and wrapped around when they reached a window boundary. This had the effect of disrupting the local spatial relations between elements. In contrast, the present study showed that visual marking can be applied to old moving objects even when they do not possess a unique feature. However, for this to occur, the local interelement spacing between old items must remain constant. It is proposed that visual marking proceeds via the development of a template that codes the old elements into a unique object (cf. Yantis, 1992) , and this object template coordinates the application of inhibition to each of the elements. The tracking of elements proceeds via the application of a transform to the object-based representation. These findings extend the known situations in which visual marking can be effective and further illustrates the flexibility of the mechanism.
